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SURGXFWV 7KH VWRUDJH DQG UHPRYDO RI WKH ZDVWH FRPLQJ IURP WKH PDUEOH LQGXVWU\ UHSUHVHQWV RQH RI WKH PDMRU
ZRUOGZLGHLVVXHVUHODWHGWRHQYLURQPHQW>@7KRXJKDWZRUOGOHYHOWKHPDUEOHSRZGHUVWRUDJHDQGWKHGHWULPHQWDO
HIIHFWV XSRQ WKH HQYLURQPHQW DUH D ELJ SUREOHP WKHUH D IHZ VWXGLHV RQ WKH EHKDYLRU RI PDUEOH SRZGHU DQG LWV
UHFRQYHUVLRQLQEXLOGLQJPDWHULDOV
,Q5RPDQLDWKHPDUEOHSRZGHUVOLPHZDVWHLVJHQHUDWHGLQDERXWWRQVGD\DQGKDVDQHJDWLYHFRQVHTXHQFH
XSRQHQYLURQPHQWGXHWRSROOXWLRQDQGDOVRXSRQKXPDQKHDOWK
7KHSUREOHPRIPDUEOHSURFHVVLQJLQGXVWU\ZDVWHKDVDQLQWHUQDWLRQDOFRQFHUQDQGLWKDVEHHQWUHDWHGZLWKJUHDW
DWWHQWLRQE\ LQWHUHVWHG UHVHDUFKHUV LQ RUGHU WRREWDLQQHZEXLOGLQJPDWHULDOV FKHDSHU WKDQ WKRVH WUDGLWLRQDOO\ E\
XVLQJRIVXFKZDVWHDQGWKXVWRHOLPLQDWHWKHSUREOHPVUHODWHGWRHQYLURQPHQWSROOXWLRQ
%LQLFLVWXGLHGVHYHUDOPHFKDQLFDOSURSHUWLHVRIFRQFUHWHZLWKPDUEOHSRZGHUDQGOLPHVWRQHZDVWH&RQFUHWHZLWK
DQGPDUEOHSRZGHUDQGOLPHVWRQHZDVSURGXFHGZKHUHPDUEOHDQGOLPHVWRQHUHSODFHGWKHFRQFUHWH
ILQHSDUW7KHUHVHDUFKHUVWXGLHGWKHUHVLVWDQFHWRFRPSUHVVLRQRIWKHPHQWLRQHGSURGXFWV>@
&RULQDOGHVLVKRZVWKDWE\VXEVWLWXWLQJVDQGZLWKVOLPHZDVWHDQ LPSURYHGUHVLVWDQFHWRFRPSUHVVLRQDQG
ZRUNDELOLW\FDQEHREWDLQHG>@7KHWHVWZDVPDGHRQVHYHUDOH[SHULPHQWDOVDPSOHVZKHUHERWKFHPHQWDQGSDUWRI
WKHDJJUHJDWHVZDVUHSODFHG
7KH PDUEOH SRZGHU ZDVWH FDQ EH XVHG QRW RQO\ DV DGPL[WXUHV EXW DOVR WR SURGXFH RWKHU W\SHV RI EXLOGLQJ
PDWHULDOVVXFKDVFHUDPLFEULFNVDVVKRZQLQWKHUHVHDUFKPDGHE\6DER\DLQWKHSDSHU7KHXVHRISRZGHUPDUEOH
E\SURGXFW WR HQKDQFH WKH SURSHUWLHV RI EULFN FHUDPLF ZKR UHDFKHV WKH FRQFOXVLRQ WKDW D SHUFHQWDJH RI 
PDUEOHSRZGHUFRXOGLPSURYHVLJQLILFDQWO\WKHSURSHUWLHVRIFHUDPLFEULFNV>@
7KHSUHVHQWSDSHULQYROYHVWKHXVHRIZDVWHVOXGJHIURPPDUEOHSRZGHUFRQVLGHULQJWKHFRQWH[WRIHQYLURQPHQW
VXVWDLQDELOLW\DQGWKDWRIOLIHTXDOLW\VXVWDLQDELOLW\LQRUGHUWRSURSRVHVRPHSODVWHULQJPRUWDUVW\SH&6,9ZKHUH
VDQG LV UHSODFHG LQ YDULRXV DPRXQWV    DQG  E\ PDUEOH SRZGHU VOLPH DQG WKHQ FHPHQW LV
UHSODFHGE\E\PDUEOHSRZGHUVOLPH,WDOVRUHSUHVHQWVDZHOOVXSSRUWHGVWXG\FRQFHUQLQJWKHLQIOXHQFHRIWKH
PDUEOHSRZGHUVOLPHXSRQWKHSK\VLFDODQGPHFKDQLFDOSURSHUWLHVRISODVWHUPRUWDUV

0DWHULDOVDQGPHWKRGV

7KLVUHVHDUFKGHDOVZLWKWKHSURGXFWLRQRIILYHHFRORJLFDOSODVWHUPRUWDUVRIW\SH&6,9XVLQJWKHPDUEOHSRZGHU
VOLPHDVDWRWDORUSDUWLDOVXEVWLWXWHIRUVDQGDQGFHPHQWUHVSHFWLYHO\7KHPDWHULDOVXVHGLQWKHPRUWDUIRUPXODDUH
WKH ELQGHU VDQG ZDWHU DQGPDUEOH ZDVWH WR UHSODFH WKH DJJUHJDWH RU WKH ELQGHU 7KH UHFLSHV IRU WKH SODVWHULQJ
PRUWDUVGRQRWFRQWDLQDGGLWLYHVIRUWKHSXUSRVHRIWKHSUHVHQWUHVHDUFK
0DWHULDOV
x &HPHQW7KHELQGHUIRUWKHPRUWDUIRUPXODHLVWKH3RUWODQGW\SHFHPHQW&(0,9%1
x $JJUHJDWHVXVHGDWSUHSDULQJPRUWDUV7KHVDQGXVHGLQWKHPRUWDUIRUPXODLVULYHUVDQGZLWKJUDQXODWLRQ
EHWZHHQ±PP7KHPRUWDUIRUPXODUHTXLUHGVDQGZLWKDSURSHUJUDQXORPHWULFFXUYH
x 0DUEOHSRZGHUVOLPHZDVWH0DUEOHSRZGHUVOLPHLVREWDLQHGDIWHUWKHSURFHVVLQJRIQDWXUDOURFNVE\FXWWLQJ
VKDSLQJDQGILQLVKLQJWKHHGJHVDQGVXUIDFHVLQYDULRXVVKDSHVDQGFRORXUV7KHVOLPHXVHGLQWKHVDPSOHVZDV
FROOHFWHGIURPWKHPDUEOHFRPSDQ\0DUPRVLP'HYD5RPDQLD
,Q5RPDQLDWKHUHDUHVHYHUDOTXDUULHVWKDWGDLO\SURGXFHHQRUPRXVDPRXQWVRIPDUEOHSRZGHUDPRQJZKLFKWKH
TXDUULHGVLWXDWHGLQ5XúFKLĠDWKHODUJHVWTXDUU\LQWKHFRXQWU\3RGHQL&ăUSLQLú3LHWURDVD*HRDJLXDQG%DúFKLRL
%HIRUHXVLQJWKHVOLPHLQWKHVDPSOHVWKHVOLPHZDVGULHGLQDNLOQDW&ZKHUHLWZDVNHSWXQWLODFRQVWDQW
ZHLJKWZDVUHDFKHGWKHPDWHULDOZDVWKHQJURXQGDQGVRUWHGRXW
7KHPDLQFKHPLFDOFRPSRQHQWVLQWKHPDUEOHDUHSUHVHQWHGLQ7DEOH
7DEOH5HVXOWVRIFKHPLFDODQDO\VLVRIPDUEOHSRZGHU

&KHPLFDO
FRPSRXQGV &D2 0J2 6L2 $O2 )H2 1D2 .2 62 &2
3HUFHQWDJH         
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
,QRUGHUWRKLJKOLJKWWKHPDLQFRPSRQHQWRIPDUEOHSRZGHUZDVWHWKHRSWLFDOPLFURVFRS\PHWKRGZDVXVHG,Q
WKHIROORZLQJSLFWXUHVLWFDQEHVHHQWKHPLQHUDOFRPSRQHQW&D&2RIWKHPDUEOHSRZGHUZDVWH)LJ

 
)LJD0DUEOHSRZGHUDJJUHJDWH&D&21E0DUEOHSRZGHUDJJUHJDWH&D&21
7KHILUVWVWHSRIWKHH[SHULPHQWDOSURJUDPZDVWRVWXG\DOOWKHVOLPHSRZGHUFKDUDFWHULVWLFVFRQVLGHULQJWKHIDFW
WKDWWKHVOLPHSRZGHUFDQUHSODFHWKHELQGHUIURPPRUWDUVZKLFKFRXOGOHDGWRDFKHDSHUPRUWDU7KXVLWKDVEHHQ
VWDUWHGE\VWXG\LQJWKHSK\VLFDOSURSHUWLHVRIVOLPHSRZGHUUHDOGHQVLW\VSHFLILFDUHDXVLQJ%ODLQHSHUPHDELOLPHWUH
ZDWHU IRU QRUPDO FRQVLVWHQF\ VOXUU\ VHWWLQJ WLPH 6SHFLILF DUHD RI WKHPDUEOH SRZGHU LV   FPJ $V LW LV
NQRZQ WKDW ZLWK FRPPRQ FHPHQW WKH VSHFLILF DUHD UDQJHV EHWZHHQ  DQG  FPðJ LW LV HYLGHQW WKDW WKH
VSHFLILFDUHDRIWKHPDUEOHVOLPHLVFORVHWRWKDWRIFHPHQWDQGWKLVPDNHVSRVVLEOHLWVXVHDVDFHPHQWDGPL[WXUHLQ
YDULRXVSHUFHQWDJHVLQWKHPRUWDUIRUPXOD7DEOH
:DWHU IRU QRUPDO FRQVLVWHQF\ VOXUU\ ZDV DOVR GHWHUPLQHG LQ D VLPLODU PDQQHU WR FHPHQW FDVHV RI FRPPRQ
FRQVLVWHQF\ SHUIRUPHG DFFRUGLQJ WR (1 65 (1  >@ 7KXV IRU  J PDUEOH SRZGHU  PO ZDWHU LV
QHFHVVDU\IRUVOXUU\RIQRUPDOFRQVLVWHQF\7DEOH
,QWKHVDPHH[SHULPHQWDOSURJUDPWKHVHWWLQJWLPHIRUWKHVOXUU\PDGHZLWKPDUEOHSRZGHUZDVDOVRGHWHUPLQHG
WREHPLQXWHV7DEOH
 7DEOH)HDWXUHVRIPDUEOHGXVWREWDLQHGIURPVOXGJHRIPDUEOHGXVWZDVWH
&KDUDFWHULVWLFV 80 9DOXHV
5HDOGHQVLW\ JFP 
7KHVSHFLILFVXUIDFH FPJ 
7KHZDWHUUHTXLUHGIRUQRUPDOFRQVLVWHQF\SDVWH PO 
6HWWLQJWLPH PLQ 
x :DWHU7KHZDWHUIRUVDPSOHSUHSDUDWLRQZDVGULQNDEOHZDWHUDQGLWLVDFFRUGLQJWR65(1>@
0HWKRGV
7KH H[SHULPHQWDO SURJUDP LQFOXGHG GHWHUPLQLQJ WKH VWDQGDUG FKDUDFWHULVWLFV DSSDUHQW GHQVLW\ IRU IUHVK DQG
KDUGHQHGPRUWDUVFRQVLVWHQF\ZLWKVFDWWHULQJWDEOHWHQVLOHEHQGLQJVWUHQJWKFRPSUHVVLRQVWUHQJWKDQGDGKHVLRQRI
PRUWDUV>@>@>@>@>@>@>@>@>@
$OOWKHGHWHUPLQDWLRQVZHUHSHUIRUPHGDFFRUGLQJWRWKHVWDQGDUGVLQIRUFH
x 'HWHUPLQDWLRQRIIUHVKSODVWHULQJPRUWDUDSSDUHQWGHQVLW\
7KHGHWHUPLQDWLRQRI IUHVKPRUWDUDSSDUHQWGHQVLW\ZDVSHUIRUPHGLQFRQIRUPDQFHZLWKWKHVWDQGDUGVLQIRUFH
65(1>@DQG65(1$>@$SSDUHQWGHQVLW\RIIUHVKPRUWDUVSURSRVHGLQWKHSDSHU
ZDV GHWHUPLQHG E\ WKH UDWLR EHWZHHQ PDVV DQG YROXPH RFFXSLHG ZKHQ SODFHG DQG FRPSDFWHG LQ D PHDVXULQJ
FRQWDLQHURIJLYHQFDSDFLW\DFFRUGLQJWRDQHVWDEOLVKHGZD\RIZRUNLQJ
x 'HWHUPLQDWLRQRIKDUGHQHGSODVWHULQJPRUWDUDSSDUHQWGHQVLW\
D E
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7KHGHWHUPLQDWLRQRIKDUGHQHGPRUWDUDSSDUHQWGHQVLW\ZDVGHWHUPLQDWHE\WKHUDWLREHWZHHQGU\PDVVREWDLQHG
ZKHQNHHSVDPSOHVZHUHGULHGLQDGU\NLOQDQGYROXPHRFFXSLHGZKHQVDPSOHZHUHSODFHGLQZDWHU>@>@
x 'HWHUPLQDWLRQRISODVWHULQJPRUWDUFRQVLVWHQF\ZLWKWKHVFDWWHULQJWDEOH
7KH GHWHUPLQDWLRQ RI WKH SODVWHUPRUWDU FRQVLVWHQF\ZLWK WKH VFDWWHULQJ WDEOHZDVPDGH DFFRUGLQJ WR65(1
DQG65(1$>@>@7KHVFDWWHULQJYDOXHZDVGHWHUPLQDWHE\PHDVXULQJDQDYHUDJHGLDPHWHURI
WKHIUHVKSODVWHULQJPRUWDUPDGHZLWKPDUEOHSRZGHUVOLPHZDVWHV
x 'HWHUPLQDWLRQRIWKHSODVWHULQJPRUWDUWHQVLOHEHQGLQJUHVLVWDQFH
7KH WHQVLOH EHQGLQJ UHVLVWDQFH ZDV WHVWHG DFFRUGLQJ WR 65 (1  DQG 65 (1 $ >@>@
'HWHUPLQDWLRQLVPDGHZLWKWKHDSSDUDWXVIRUGHWHUPLQLQJWKHUHVLVWDQFHWREHQGLQJRQSULVPVZLWKGLPHQVLRQVRI
[[PP
7KH GHWHUPLQDWLRQ ZDV PDGH RQ DOO W\SHV RI SODVWHULQJ PRUWDUV SURSRVHG RQ WKH SUHVHQW SDSHU DW GLIIHUHQW
LQWHUYDOVRIWLPHVDQGUHVSHFWLYHO\GD\V
x 'HWHUPLQDWLRQRIWKHSODVWHULQJPRUWDUFRPSUHVVLRQUHVLVWDQFH
7KHUHVLVWDQFHWRFRPSUHVVLRQZDVWHVWHGDFFRUGLQJWR65(1DQG65(1$>@>@8VLQJ
WKHK\GUDXOLFSUHVVWKHWHVWZDVFRQGXFWHGRQWKHUHPQDQWVRISULVPDIWHUWHVWLQJSULVPVDWEHQGLQJVWUHQJWK
7KHDYHUDJHYDOXHVZHUHUHFRUGHGDWDQGGD\V
x 'HWHUPLQDWLRQRIVOLPHEDVHGSODVWHULQJPRUWDUDGKHVLRQ
$GKHVLRQ ZDV GHWHUPLQHG DFFRUGLQJ WR 65 (1  >@ 7KLV W\SH RI WHVWLQJ LV GRQH DW  GD\V
LPPHGLDWHO\DIWHUWKHVDPSOHVDUHWDNHQRIWKHSODFHWKDWZHUHNHSWXQWLOWHVWLQJ
6DPSOHSUHSDUDWLRQDQGFRPSRVLWLRQRISODVWHULQJPRUWDUV
7KHPRUWDUVSURGXFHGLQWKLVH[SHULPHQWDOSURJUDPDUHHFRORJLFDOSODVWHUPRUWDUVLQWKHFRPSRVLWLRQRIZKLFK
PDUEOHLQGXVWU\ZDVWHZDVLQWURGXFHGWRUHSODFHERWKWKHDJJUHJDWHDQGWKHELQGHU7KHVDPSOHVKDYHWKHVKDSHRID
SULVPRIVL]HV[[PP7KHSULVPVZHUHSUHSDUHGLQWKH/DERUDWRU\RI%XLOGLQJ0DWHULDOVZLWKWKHPL[HU
WKH\ZHUHSRXUHGLQPHWDOPROGVDQGNHSWLQZHWDLUER[HVXSWRGD\VDQGPRYHGLQDURRPRIKXPLGLW\
DWDWHPSHUDWXUHRI&XSWRWKHWHVWDJHWLPH3ULVPVZHUHFDVW LQWZROD\HUVHDFKOD\HUEHLQJFRPSDFWHG
ZLWKDPHFKDQLFDOYLEUDWLQJPDFKLQH
7KHUHFLSHV7DEOHFDQEHGLYLGHGLQWZRFDWHJRULHV
D SODVWHULQJPRUWDUVZKHUH VDQG LV UHSODFHGE\PDUEOH VOLPH LQYDULRXV DPRXQWV   00: 
00:00: DQG UHVSHFWLYHO\00:HYHU\ VRUW LV UHSODFHG LQ WKHSHUFHQWDJH
PHQWLRQHGDQG
ESODVWHULQJPRUWDUVZKHUHWKHPDUEOHVOLPHUHSODFHVFHPHQWLQDQDPRXQWRI00:&
7KHPRUWDUVZHUHLQYHVWLJDWHGLQERWKIUHVKDQGKDUGHQHGVWDWH7KHSK\VLFDODQGPHFKDQLFDOFKDUDFWHULVWLFVZHUH
WHVWHGDIWHUDQGGD\VUHVSHFWLYHO\
7DEOH3ODVWHULQJPRUWDUVUHFLSHZLWKPDUEOHSRZGHUZDVWH
7\SHRI
PRUWDU
4XDQWLW\RIFRPSRQHQWPDWHULDOVLQSHUFHQWDJH
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5HVXOWVDQGGLVFXVVLRQ
$SSDUHQWGHQVLW\RIIUHVKSODVWHULQJPRUWDUV
7KHVPDOOHVWYDOXHRIWKHDSSDUHQWGHQVLW\RIWKHIUHVKPRUWDULVJFPIRXQGLQPRUWDU00:ZKHQ
VDQGLVIXOO\UHSODFHGE\WKHVOLPH,QDOOWKHWHVWHGVDPSOHVDSSDUHQWGHQVLW\UDQJHVLQWKHOLPLWVUHTXLUHGE\WKH
VWDQGDUGLQIRUFH
$SSDUHQWGHQVLW\RIKDUGHQHGSODVWHULQJPRUWDUV
7KHDSSDUHQWGHQVLW\RISODVWHULQJKDUGHQHGPRUWDUVGHFUHDVHVRYHUWLPHZKLFKVKRZVWKDWWKHUHLVDUHGXFWLRQLQ
WKHPDVVE\HYDSRUDWLRQRIWKHZDWHUDQGDOVRE\WKHSURFHVVHVRIK\GUDWLRQRIPLQHUDOVFRPSRXQGRIFHPHQW7KH
PRUWDU00:KDVWKHKLJKHVWYDOXHRIDSSDUHQWGHQVLW\DQGZKLFKDOVRLQGLFDWHVKLJKHVWUHVLVWDQFH
7KHSODVWHULQJPRUWDUZLWKPDUEOHSRZGHUVOLPHFRQVLVWHQF\
,QRUGHUWRGHWHUPLQHWKHFRQVLVWHQF\RIWKHVHPDWHULDOVLQWKHH[SHULPHQWDOSURJUDPIRUHYHU\W\SHRIPRUWDUV
ZHUHPDGHWKUHHVDPSOHV)RUHDFKVDPSOHZHUHUHDGPLQLPXPVL[GLDPHWHUVIRUHYHU\W\SHRIPRUWDUUHVSHFWLYHO\
00:00:00:00:DQG00:&7KHDQDO\VLVRIWKHYDOXHVREWDLQHGVKRZ
WKHLQIOXHQFHRIWKHLQFUHDVHRIWKHSHUFHQWDJHRIVOLPHLQFOXGHGLQWKHPRUWDUWKHYDOXHRIFRQVLVWHQF\GHFUHDVHV
WKXV00:PRUWDU KDV WKH ORZHU YDOXH DQGPDNHV LW OHVV ZRUNDEOH 7KLV UHVXOW FDQ EH LQWHUSUHWHG DV WKH
FRQVHTXHQFHRIUHSODFLQJVDQGZLWKPDUEOHVOXUU\ZKLFKLVFDSDEOHRIELQGLQJDQGFKDQJHVFRQVLVWHQF\












)LJ3ODVWHULQJPRUWDUVFRQVLVWHQF\D0RUWDUW\SH00:E0RUWDUW\SH00:&
7KHDYHUDJHYDOXHRIFRQVLVWHQF\RI00:&PRUWDULQZKLFKWKHZDVWHRIPDUEOHSRZGHUUHSODFHVRI
FHPHQWLVDSSURSULDWHWRDYHUDJHYDOXHRIFRQVLVWHQF\RI00:PRUWDUW\SH
7KHSODVWHULQJPRUWDUWHQVLOHEHQGLQJVWUHQJWK
,Q)LJRQHFDQ VHH WKHJUDSKLFDO UHSUHVHQWDWLRQVRI WKH UHVXOWV UHDFKHG IRU WKH WHQVLOHEHQGLQJ UHVLVWDQFHRI
SODVWHUPRUWDUVPDGHZLWKVOLPHDWYDULRXVWLPHLQWHUYDOVWKDWLVDIWHUDQGUHVSHFWLYHO\GD\V)LJ
7KHPRUWDU00:ZLWKDSHUFHQWDJHRIRIPDUEOHSRZGHUVOLPHZDVWHVDVDUHSODFHPHQWRIVDQGKDV
WKH KLJKHU YDOXH RI WHQVLOH EHQGLQJ UHVLVWDQFH GXULQJ WKH HYROXWLRQ RI DJH RI DOO W\SHV RI SODVWHULQJ PRUWDUV
+RZHYHU WKHYDOXHVRI WHQVLOHEHQGLQJVWUHQJWKRISODVWHULQJPRUWDUVZLWKPDUEOHSRZGHUZDVWHV YDULHVEHWZHHQ
1PPIRU00:PRUWDUXSWR1PPIRU00:PRUWDU
%\FRPSDULQJ WKH00:&PRUWDU LQZKLFK WKHFHPHQW LV UHSODFHGE\ZDVWHVRIPDUEOHSRZGHU LQ
ZLWKPRUWDUV LQZKLFK WKH VDQG KDV EHHQ UHSODFHGZLWKZDVWHV RIPDUEOH SRZGHU LQ GLIIHUHQW SHUFHQWDJH00:
00:DQGUHVSHFWLYHO\00:LWFDQEHREVHUYHGWKDW00:&PRUWDUKDVWKHKLJKHVWYDOXH
D E
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RI WHQVLOH EHQGLQJ UHVLVWDQFH ,W FDQ EH REVHUYHG WKDW00:&PRUWDU KDV D ORZHU YDOXH RI WHQVLOH EHQGLQJ
UHVLVWDQFHWKDQD&6,9PRUWDUZLWKDSSUR[LPDWHO\
%\FRPSDULQJWKHUHVXOWVREWDLQHGDWWHQVLOHEHQGLQJUHVLVWDQFHRIFODVVLFDOSODVWHUPRUWDUVW\SH&6,9PDGHZLWK
3RUWODQGFHPHQW&(0,9%1KDYLQJDQDYHUDJHYDOXHRI1PPZLWKSODVWHUPRUWDUVPDGHZLWKPDUEOH
SRZGHUZDVWHVLWFDQEHFRQFOXGHGWKDW00:PRUWDUKDVWKHPRVWDSSURSULDWHYDOXH±RI1PPEHLQJ
IROORZHGE\00:&PRUWDUZLWKDYDOXHRI1PP


)LJ7KHWHQVLOHEHQGLQJVWUHQJWKRISODVWHULQJPRUWDUV
7KHSODVWHULQJPRUWDUVWUHQJWKWRFRPSUHVVLRQ
)LJVKRZVWKHJUDSKLFDOUHSUHVHQWDWLRQVRIWKHUHVXOWVIRUWKHUHVLVWDQFHWRFRPSUHVVLRQRIVOLPHEDVHGSODVWHU
PRUWDUVDWYDULRXVWLPHLQWHUYDOVUHVSHFWLYHO\DWDQGGD\V)LJ


)LJ&RPSUHVVLYHVWUHQJWKRIWKHSODVWHULQJPRUWDUVLQWLPH
,WFDQEHREVHUYHGWKDWWKHYDOXHVRIFRPSUHVVLEOHUHVLVWDQFHDUHGHFUHDVLQJDVWKHSHUFHQWDJHRIZDVWHLQFUHDVHV
WKXV00:PRUWDUKDVWKHKLJKHUYDOXHRIFRPSUHVVLRQVWUHQJWKWKURXJKRXWWKHHYROXWLRQRIPRUWDUDJHDW
DQGGD\V$QDO\]LQJWKHJUDSKLF)LJLWFDQEHFRQFOXGHGWKDWDWGD\VPRUWDUW\SH00:
1PP KDV WKH ORZHU YDOXH DW FRPSUHVVLRQ VWUHQJWK DQGPRUWDU W\SH00:   1PP KDV WKH
KLJKHUYDOXHDWFRPSUHVVLRQVWUHQJWK%\FRPSDULQJWKH00:&PRUWDU LQZKLFKWKHFHPHQWLVUHSODFHGE\
ZDVWHVRIPDUEOHSRZGHULQZLWKPRUWDUVLQZKLFKWKHVDQGKDVEHHQUHSODFHGZLWKZDVWHVRIPDUEOHSRZGHULQ
GLIIHUHQWSHUFHQWDJH00:00:DQGUHVSHFWLYHO\00:LWFDQEHREVHUYHGWKDW00:&
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PRUWDUKDVWKHKLJKHVWYDOXHRIFRPSUHVVLRQUHVLVWDQFH$OVRE\FRPSDULQJWKH00:&PRUWDUZLWKDFODVVLF
PRUWDU LW FDQ EH REVHUYHG WKDW00:&PRUWDU KDV D ORZHU YDOXH RI FRPSUHVVLYH UHVLVWDQFH WKDQ D &6 ,9
PRUWDU ZLWK DSSUR[LPDWHO\  $QDO\]LQJ WKH UHVXOWV LW FDQ EH PHQWLRQHG WKDW WKH PRUWDUV PDGH ZLWK PDUEOH
SRZGHUZDVWHVDUHDSSURDFKLQJWKHYDOXHRIDQFODVVLFDOPRUWDUW\SH&6,9DQGDOVRWKDWWKHYDOXHVDUHKLJKHUWKDQ
WKRVHPHQWLRQHGLQQRUP65(1LQZKLFKWKHPLQLPXPYDOXHLV1PP)URPWKHJUDSKLF)LJLWFDQEH
REVHUYHGWKDWWKHKLJKHVWYDOXHVRIWKHUHVLVWDQFHVRIPRUWDUVDUHREWDLQHGDWGD\VLVVXHZKLFKLVVXSSRUWHGE\
WKH IDFW WKDW WKH ELQGHU KDV DQ LPSRUWDQW UROH LQ REWDLQLQJ WKHPHFKDQLFDO UHVLVWDQFH RI WKHPRUWDUV WKURXJK WKH
K\GUDWLRQSURFHVVRIPLQHUDORJLFDOFRPSRQHQWVZKLFKGRQRWVWRSDIWHUGD\VEXWFRQWLQXHVLQWLPH
7KHDGKHVLRQRIVOLPHEDVHGSODVWHULQJPRUWDU
7KHDGKHVLRQ WR WKH VXSSRUW OD\HUZLWK WKHKLJKHVW YDOXHRYHU1PPZDV IRXQG IRU00:PRUWDU
ZKHUHRI WKH VDQGZDV UHSODFHGE\PDUEOHSRZGHU VOLPH7DEOH VKRZV D UHGXFWLRQRI WKH DGKHVLRQ VSHHG
FRPLQJZLWK WKH LQFUHDVHRIPDUEOHSRZGHU VOLPH FRQWHQW LQ WKHPRUWDU ,Q WKH IROORZLQJ WDEOH DUHSUHVHQWHG WKH
UHVXOWVREWDLQHGDWGLIIHUHQWWHVWLQJGD\VDW WHQVLOHEHQGLQJUHVLVWDQFHFRPSUHVVLYHVWUHQJWKDQGDGKHVLRQRIVOLPH
EDVHGSODVWHULQJPRUWDU
7DEOH7DEOHVXPPDUL]LQJUHVXOWVREWDLQHGXQGHUH[SHULPHQWDOSURJUDP
$JHRIPRUWDUDWWKH
PRPHQWRIWHVWLQJ
7KHSODVWHUPRUWDUWHQVLOHEHQGLQJUHVLVWDQFHLQWLPH
୫ୣୢ ൌ σ ୤౤భ୬ 
>1PP@
00: 00: 00: 00: 00:& &6,9
GD\V      
GD\V      
GD\V      
GD\V      
GD\V      
7KHSODVWHUPRUWDUUHVLVWDQFHWRFRPSUHVVLRQLQWLPH
ୡ୩୫ୣୢ ൌ σ ୤ౙౡ
౤భ
୬ 
>1PP@
GD\V      
GD\V      
GD\V      
GD\V      
GD\V      
$GKHVLRQDWVXSSRUWOD\HU
>1PP@
GD\V      

7KHWHVWVSHUIRUPHGKLJKOLJKWWKDWDOOWKHYDOXHVIRUWKHVWUHQJWKVIRUDOOWKHSODVWHUPRUWDUVZLWKZDVWHDFFRUGLQJ
WRWKHFXUYHVIRXQGH[KLELW ODUJHUYDOXHVWKDQWKRVHLQVWDQGDUGVLUUHVSHFWLYHRIWKHSHUFHQWDJHRIZDVWHXVHGDVD
VDQGVXEVWLWXWH)URPWKHWDEOH7DEOHLWFDQEHREVHUYHGWKDWWKHKLJKHVWYDOXHVRIWKHUHVLVWDQFHVRIPRUWDUVDUH
REWDLQHG DW  GD\V LVVXHZKLFK LV VXSSRUWHG E\ WKH IDFW WKDW WKH ELQGHU KDV DQ LPSRUWDQW UROH LQ REWDLQLQJ WKH
PHFKDQLFDOUHVLVWDQFHRIWKHPRUWDUVWKURXJKWKHK\GUDWLRQSURFHVVRIPLQHUDORJLFDOFRPSRQHQWVZKLFKGRQRWVWRS
DIWHUGD\VEXWFRQWLQXHVLQWLPH
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&RQFOXVLRQ
7KHUHVHDUFKUHTXLUHG WKHGHYHORSPHQWRIVHYHUDOH[SHULPHQWDOSURJUDPV LQZKLFKPDUEOHSRZGHUUHVLGXHVDUH
XVHGDVSDUWLDORUWRWDOUHSODFHPHQWIRUVDQGLQDUDQJHIURPDQGUHVSHFWLYHO\RUDVD
FHPHQWVXEVWLWXWH
)RUWKHPRUWDUVPDGHZLWKPDUEOHSRZGHUVOLPHRQHFDQPHQWLRQDOVRWKHIDFWWKDWWKHYDOXHVRIWKHUHVLVWDQFHWR
FRPSUHVVLRQGLPLQLVKZLWKWKHLQFUHDVHRIWKHSHUFHQWDJHRIPDUEOHVOLPHLQWKLVFRQWH[WWKHKLJKHVWUHVLVWDQFHWR
FRPSUHVVLRQFDQEHVHHQLQ00:PRUWDUZKHUHVDQGLVVXEVWLWXWHGE\PDUEOHSRZGHUVOLPHIROORZHG
E\WKHPRUWDULQZKLFKWKHVDQGLVUHSODFHGLQDSHUFHQWDJHRI*RRGUHVXOWVIRUUHVLVWDQFHWRFRPSUHVVLRQDUH
DOVRIRXQGLQWKHSODVWHUPRUWDUZKHUHRIWKHFHPHQWLVUHSODFHGE\PDUEOHSRZGHUVOLPHQRWHG00:&,W
SUHVHQWV YDOXHV FORVH WR00: PRUWDUV DQG WR WKH ZLWQHVV VDPSOH &6 ,9 &6 ,9 ± SODVWHU PRUWDU ZKRVH
UHVLVWDQFHWRFRPSUHVVLRQLVDERYH1PP
,W FDQ DFKLHYH D FOHDQHU HQYLURQPHQW E\ UHPRYLQJZDVWH IURPPDUEOH SRZGHU DQG XVLQJ LW LQPDQXIDFWXULQJ
VRPHQHZSODVWHULQJPRUWDUVDVDWRWDOUHSODFHPHQWRIVDQG2EYLRXVO\LWLVDQLQWHUHVWLQJDSSOLFDWLRQWRXVHDODUJH
TXDQWLW\RIPDUEOHSRZGHUZDVWHV$OOUHFLSHVRIPRUWDUVSURSRVHGFRUUHVSRQGIURPSRLQWRIUHVLVWDQFHYLHZZKLFK
MXVWLI\XVLQJWKHZDVWHVRIPDUEOHSRZGHULQDVDUHSODFHPHQWRIVDQG
,WFDQJHWDFKHDSHUSODVWHULQJPRUWDUE\UHSODFLQJFHPHQWZLWKPDUEOHSRZGHUZDVWHV7KHUHVXOWVRIWKLVVWXG\
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